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Abstract

Fibrinolytic promotion factors are regulated by two processes: one is dependent on a
complex formation between these factors and a,-macrogulobulin (&,M), the other does not
depend on complex formation.

1. With the complex formation: Here, the important roles of @,M are specially referred
to.

In addition to the role of @,M as a protease inhibitor, a further role has been proposed for
M as a binding protein of four major classes of proteases (serine, cysteine, aspartic and
metalloproteases) and non-proteolytic amines, peptides, and proteins.

A protease, as tissue plasminogen activator (tPA), trapped by «,M suffers an apparent
decrease in activity compared with free tPA, but the activity is preserved and protected from
the specific inhibitor, as plasminogen activator inhibitor-1 (PAI-1). Plasmin trapped by a,M,

however, is not able to dissolve fibrin. The reason for this phenomenon appears to be that the
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fibrin molecule is too big to be attacked by the active center of plasmin in «,M, although the
plasmin still reserves the activity.

The binding of @.M to methyl-amine or protease activates a,M and takes part in a confor-
mational change. The a,M- protese complex, however, exposes the recognition site of the
a,M to the specific receptor and is rapidly removed from circulating blood. The a,M specific
(a,MR)

(LRP) : LRP/a,MR. In addition, a.M is an acute phase reactant and seems to trap various

receptor is a identical with low density lipoprotein (LDL) receptor-related protein
enzymes and products induced from inflammatory processes. Therefore, the most important
role of @M 1is considered to be as a scavenger in circulating blood.

2. The second process of regulation of fibrinolytic promotion factors directly depends on
LRP/a,MR :

Plasmiongen activator (PA) such as tPA or urokinase (uPA) forms a complex with PA-
1. This complex is trapped by LRP/@MR, which is exprssed on the cell surface of the liver,
and is removed rapidly from circulating blood. The tPA, which does not form a complex with
PAI-1, trapped by LRP/a,MR, is removed rapidly from circulating blood. The tPA, which
does not form a complex with PAI-1, binds with PAI-1 already bound with vitronectin on the
cell surface of liver. After the binding between tPA and PAI-1-vitronectin, the tPA-PAI-1
complex separates the vitronectin and the complex is also trapped by LRP/a,MR. The regula-
tion of Pro-uPA proceeds as follows: pro-uPA binds uPA receptor (uPAR), PAI-1 binds the
pro-uPA and forms a uPAR-pro-uPA-PAI-1 complex. The complex binds LRP/«,MR and is

internalized in liver cells.

Key words : Fibrinolytic Factors, &aM, LRP/a,MR
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" - BH 5D, H5HWiIE, tPAORRNHERNTTH
HERAIRIER (BE) OJTERINERNERE 277X /7Y 77FR=¥F— At
FEREE (DIC) 128\, B a4 % il (oozing) £ # — (plasminogen activator inhibitor ;

RUNEAMEIC Lo TE#AT o2, @ PAD -12MEERIGERICITER SN S 7201,

BOEFICBWTH, ALV APRITHESIME R
Y OBEARICMERED» SHB T 7 A ) —7
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(Plasminogen ; Plg) 2377 A £ > (Plasmin :
Pn) W& s 1, MK ERIET 2 & 5 IfE
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phase) TPlgZEMIL L TPnicE#i L, Fnk 4
sl ko TR EEET 2, Ll
D5, IMEHOPAItPADOEME 22 A
R HEYE TH 2 PALLIC & > THEP » I
HFIh 20T, MBREHHL L TOPATERE
DORFREFPAIIORE I L > THEISN B L £ 2
phTw3,

— 7%, EROBFCIEASBERES

(protease; 7”077 —¥) LEGTAETALT 7
2-v7uzua7Y v (a-macroglobulin: a
M) BRBICHFET 54 a,MIZPnDEFER 2
FEMECTH S0, 7TAIY A YEESY — (a-
plasmin inhibitor ; a,-PI) ®PAI-1%Zx 0Dt
¥ 7u77—YHERFRA— -7 73—

(serine protease inhibitor super family :
serpin) e 3R R SHERFE LTSN T
Wiz s, & DVERBERF idserpins & 3R %D o,M
Dbait region® (E) 12 & > T, proteaseZE( Y
A LWL B5DTH S, a,M-proteasefdy
BRI & 5Ty e, MIZEUD 3A £ L7z protease
BZ OWEEMET, H2 0, HESNZDT,
a,MIZE [, serine protease DHERF & B,

M- 113

1 : a,M&proteaser DEESARTR

ZINTRIED, a,MIZHLY IA % 117z protease
BZOEBRERFTAIENHLLIZEZ N
fetem1a, F e, MICHL Y iA & 7z proteaseld
ZOMHERFrOHFEIND I EDRESINT
V51 1S L, tPAIZPIgRPAL- 1720 T
%<, e MIZUFEET 503, o, M-tPAEEHED
ROt PAIZ & 5 MRS IRRIRIC 5 2 2 8
DWTEELZMR DLELH 5,

W5, 20D & 9 %% a,M-proteasef@ &Kz~ 7
07y —, MMM, U o Sk
B EPOMBEREICFET 5 o, MZERE (a;M
receptor ; aaMR) ' X - THIFIIZEL Y A
FN, BEREMEF»SHEET S E0HED,
a;MR23apo E (7 REHE) ORZBEARTH %low
density lipoprotein receptor related protein

(LDLEZAARE#EEN ; LRP) L[A—TH 3 =
EDBHHS I ENTZ, o TERXLTIHEID
ZEMEELRP/a, MR E RT3,

251, va¥+—+ (urokinase; uPA)
-PAI- IR & LtPA-PAL IE S I3 E B
LRP/a,MRE AL CR#E NS Z L3875 2
3N T 529,

(d)

Pldprotease, MIRIIFEHEHE, EREIIBER/E—-—-—F@ -V LI RIE%ETT, ald
native a,MODIREE, b IZa,MDbait regionDfEEE, ¢ OREIITTHHEDORIE, C IEAA#MED KIS
BRT B, C ORIGZ e, MIZE D ;A Z Nizprotease S ANEDL 2 LEZ 5N I ERERT LR
IETH2, LEEDY 2 —~idaMD 4 HOY 7 2=y P OELETRT R I LA ET % &,
TEROKIZ FEOZEL2HE» SOy 2 —~ K 5,
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a, o, MEEERK
AD a, MIFIMAE 7 0 7Y > D#J20% % 5
L2078 (Mr) =720,000D 8 E H T2IL-6D
RO & > TR THE, 433 15 acute
phase reactant (RMEHNICYIE) TH D>,
4EDE—Y 7T 2=y b5 % 5P, a,Mi
serine— (tPA, Pn, bV ¥ > trypsin, # YV
7 v 4 > kallikrein, b @ £ > | thrombin
&), F 4 — ) (thiol) —, # /WK F ¥ ) (carbox-
yl) —, BX U, X% ) (metal) —proteases®
4 major proteins &AHE T 5202021 Tk <,
protease Tl # A b A 1 > (cytokines),
fExz D FEETF (growth factors) B LU, *
o b = > (serotonine) ® X F—N 7 I ¥
(methyl-amine) 7 & @/ Dnucleophilic
CREZME SR e A O%E) monoamines (£ ./
TIV) EREET APPSO T WS,
a,M & protease & DK id 1) W3 O EiB
2) e, M FHNDbait regionDfEEE 3) 2D
BT, MIEMESHER 4) ©-o< ViR

a, MOHEEZAL (conformational change) 5)

| ?

Asn Gl(n) +—C—Ni~ Gl(n)-—c—-Ni{,
Gl(n) 4-C=0 / > @
. /

y
Gly Cys—Sll Cys—+S
o™ q ]
. @ Gl(n) 4—C—NH, Gl(n) +-C—NH,
TN @
. .
(a.~M) Cys——SH Cys —-s-s—@

X2 FBORIGIEeM Eproteaset DRIG%E, T
DR IGEaeM & growth factor (ERTF) & ORIt %
R T, P iXprotease %, MA iZ nucleophilic
monoamine’®, GFiZgrowth factor2/~ 9, .M & GF
PEEET 2 IZIEMAR X % a,MDthioesterfi & O FHfE
17 & o Tthiol (SH) EMXERET 2 L EMH S,

a, M D thioester Fi A7 B % L 72 Kt
6) HErWw - < DT 2 HEREDOIEICE
BERCEES NS, 4) L 5) ORIGIXFEF
ETH L b HN W EDERD RSN 530 (¥
1, BXU, 2),

Tz idin-vitroT, IM#Z 1 A8 (one-chain)
tPA (tPAIZ 1 AgHE L TEEL S S 1,
IIRAY—E¥REIE > T 2EKH {two-chain>
tPAICE D 529) RN TH#EF OtPAERE
27 BB TTRRET L7230, 7 OFER, ishnL 72
S FE60KDaDtPADIEZ DT, 437 FE120KDa
DtPA-PAI-VE AR £ 28 Dvoid volume D
HALtPADOFIE R ER L, KREWVWIFERDE
HE LtPAPEEERZ L T ISR
LZEERHELSPIZLIZY, ZDvoid volume®d
EABe,MTH 5 Z L, 1ZIZEHEW R WD,
BRIz Z0EERZA A v @BER EITS LI
LoTHEMT 52205, e MEtPAE DRSS
BEKEERFATHLEEZTVWE, T4bb,
FED6) ORBERRIIHETE R 5,

—%, a,M &cytokines & DFEG 1L, aaMD T
A T A7)V (thicester) % attack 3" % nucleo-
philic monoamineiZ & - T, EHEILI N T
v (native) a,M#» 5 F 4 —)1 (thiol) FH3HF
BLT, Wbw3, B3Il MEHEET
%2839 (] 2 ) , M L@, M & cytokines & DFEH
Z, UL, FELBREE T TDH 555,
WEWCHERES (S-SHEE) LTA#EIcE %
LoHEVL D S,

BETFHEMSEIC L THS I & fL7znative
aeMiFo—<~FOHOB I EEE L T
273, protease L FEE LTza,MiZ 1 ¥ 7 FD
Ko L Tnwd 2 eI INT
W %39, %77, methylalmine®°protease & f&&
¥ % L BLRUKE Eslow form» & fast formIZ %2
b EBHSNT NS,

b. a,MEEBBERF»

ISR B HER F i3 serine protease TH Y, Fn
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M3 oMz & 3RBHEE

FRIETEME X EE & L CUplasminogen-free fibrin%
W RTURBIEIC L 2B TH 5, a IFERREAR S
L7z plasminogen I # B E42 51U/ mlic %2 % & 5 1
urokinase # &0 L 7235& Dstandard curve =7,
b i314.5mg/dl plasminogen & 42.5IU/m! urokinase
Z, Clb L DBED e, MEFIMU I EEERT,
d iXCepharose 4BiZCNBr#%#& L Curokinase % [&|

&1k L 72Gel Tplasminogen % plasminic L, b®
L~V DIEM 275 T plasminB iR I 2 DB E O o.M
EHRIMUIERETH S, Tihbb, dDREAKERICIX
urokinaseld & LT,

Z S 5 PnDRREEME (—IRTTHAEE*Y)
oML > THsIZIIHIE NS, LELLE
6, Plg®Pnil &9 5uPALPlgk a,M L %
FIERFICRE L HE DB Tl a,MIZ X %
BEEMEHIZZNEBED DO TIREW(EZ), —
FtPARZX T 2 e MOFEEBIZ DWW T, LT
tPA & L Trecombinant two-chain tPA (t-
rtPA ; Duptilase,
Co.) %, HE L L s-2251% A\, parabolic
rate assay®* 4Pz X o THRET L7z, KIEES. 4
mg/mlD e, M (1% & 0 FEE2D) L OBE
Dt-rtPAZRINL 7258 OBRFPAEE 2 R T
(®4),

aMIZ X 5 tPATEMOIHI32.0+£0.8IU/ml
B E S, 8416 4% DIEELREF S iz,
a;MWBStPATEREZHE T 2 L5 5 2 & b ik

Sumitomo Pharmacia

Bl4E B15 TFRTFE6H 5

(1u/mi)
157
g
o
o
*
;5 10+
5 *p<0 05
z
>
@ 5
<
o I (n=5, mean + SD)
0 " . .
0 14 27 54
(mg/ml)

final concentration of a,M

X4 : tPADEHRIZXNT % o,MOTE 12.51U/mlD
tPAICTER DBEDae,MEHIL T, BET 2tPAM
M % parabolic rate assay CHIE L 7z,

%o

uPA, Plgt o, MIEERICEONDBRIZD
W, uPAZ & - TPIghPnic & & 31 5 Hi
W a;MIZUPADSEA L T 5714 L 5 Pn
WHEEHHR S o, MPEREL T vy, £U7
PnduPALFEEL TR vwaeMEFERT 5 &
D & Fn& OFMELTR 212 D> TR
INTIREWVLRN,
c. e,MMprotease;FEDREF, LU, PAI-
1o T 388

1996%EP. O. Ganrot® &£ UF19674E R. Swen-
son & J. B. Howard® 2 k> T, a.MEFES
L 7ztrypsinidsoyben trypsin inhibitor (KED
MUY HEYR) OREERT VIR
S PIZL TWn39, WA IEtrtPA, 8L U, B
8 M /N D 3% O 218 2 & Mono®Q (HR5/5,
Pharmacia AB, Uppsala,Sweden) %>
HPLCIZ TR L 7-PAI-1*® (tPATEM & I1ZIX1:
10FEGTHET %) 2HAVTaMEDEFES
HE L L Ts-2251 %2 v, EMEidprabolic rate
assayiZ THRET L7z 55 U8, 25.0 IU/mlD
tPAICZEMOPALLZERIN 5 534, 48mg/dD a;
M%EINZ % &, BFtPATEMEIZ15 TU/m1(60%)
L, FAEDPAL e, MERE 5 5732 I1CPAI-
1ZEN$ % &, 181U/ml (73%) OEFtPAL
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HERL,

a,MIZ &> T, tPAOTEWEIMREF S 54,

ZIT, LEEL I LIE, s-2251IFtPA
Lo THAET (DT T), BINSh/zPlgh’
tPAIC L > TPnicilEMEIbE N A 2 10 Eo T
FOaTHETHD, O L, e, MIZED
A FENTZtPAD S FEMr. 40,0000 PAL-12» &
REXNBZTTE L, PALLL Y boFEN
KEWMr.90,000DPlg # M bk 2 & %
FBT 56 DThH b Plahia, MAPAIZ X > T
EHEEs b Ewd Z ki DPlgh a,M-
tPAEGHERICIRD AE N T, MIEG L T 5
tPAIC X > TPniCEBE N2 bDEZEZ SN
503, Plgk U - FEI/NE WPAL- 1D e, M-tPA
DWEMEZEELEZOEBIE DV T M-
tPAORICAD B2 EHEDDFEDRNPS
7200 TIEREA SR 2 v,

aM-Pnf &1 b PniE % & F L, Fbg

(Mr.340,000) %43 2 2 L0 Hisk5EE
b Twap, 20O Z klida,M-serine protease
MY DRESOEEE THEHEKS Z L%
RLTW3, 28, KL O CIdFnZ o d
% Z LR W,
d. InvivolZ &} 2tPADEIRE

aM & non-proteolytic protein (FEBEEEH)
Y OFEERIEa,M 30 molizxf L TA A Y~

(insulin) 1X 1 mol & f&&® TIK L, TGF-g& D
EEERIE X 5 IKn»®, —7, protease & a, M &
DGR ITZOEE, BLU, HEWHEOE L
RIGHEZCHEINS E-Bbh 50,
protease & a,M & DFEERII»R D HWEE 2
55, B A, PAIL-1 & one-chain tPADFE
HEHBADORIETH B DI L, two-chain
tPA & ORISR D TR, 2D L,
FOFEZE DI 2 IZone-chain tPA% 5 7 H8
FORRNTH2 Z L H2TRML TwED, ki
Din-vitrolZ B % a, M DtPA £ PAL & O K&
NG & in-vivo THERE 3 2 HIY TLAEZE
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TEERIMIEFIZ BT b M OEAEE K
TEIEETRETLLDTH S,
e. a,MDLEH L LRP/a,MR

gizf U 72 & & <, a,M I nucleophilic
monoamines %> proteases & f&E & T 5 2 L I
Fo T, HFHRY, ARMEEEMRE, ) >
NER, BEU, w707y —Ya BEFRET 5
e MZFEE EFEE L TR ICES 2 ICHD

AEND, —F, VEREARFOWMIE» S5 A
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070 rVAF Y POREREEZ SN T
% LDLZ 4B #EER (LDL-receptor-related
protein; LRP) 3V REHDapo EOZRAET
HY, apo EOBE % B-VLDLOHREAN ~DEL
D AHZBEE T 24849, Z OLRP/a,MRIZAD
FEME B R 1272 Haymann nephritisDHiJR TH
% 7w b Dgp330°9), LDL%Z% (LDLR),
very low density lipoprotein®2 %4 (VLDLR)
LOMEDHEY» S, ZASDRERIZ1 DD
family receptor & L THUD oL T 552059
LRP/a,MRIZMr.500KDa D a-#4 & @ a0
B-# (Mr.85 KDa) 575 2 FiEH TEHEMED
ZERTH22(¥5.), $hbb, HHEbah
7zaM (B Z21E, a,MtPAEEE) 1ZLRP/a,
MRIZ > THIFIANICER D A £ h, REFES
25153 JEMEAL & 17z a, MOARE 12 13 G-protein-
coupled signaling . MR & \» 5 B = DZHFEK b
B53 5 L DOHmED D5,

WAL S 172 ap, ML S0 0 I JE BR ML 5> &
HET 29 Eb s, methylamine TG
L L7:%&TlE, % Dhalf lifeld2-443 L fisd TH

LRP/ a MR

WSS @, M-methylamineE &R TERE D
RETHES LTI BV, 72, a,M-proteasef
BRTIEA R &Y RICHIEA T E G I T
HTH D%, a,MODconformational changeld
Wo<K W LERIGTHY, ZDH%T, LRP/
;MR &E DGV EE T2 L DFRL B
25008, EERZE D & DRF A THE0 I3
SNBSS TRV, A ITNIE, .M
DiproteaseDbinding proteink U T ¥ DEED
REEZHS TRBPIZDVTH & SR DL
b s,

2. e;MESTELVRBREFORH

BRARIEHER T T H % uPA (two-chain uPA)
IZuPA-PAI-IfE &K & U TLRP/a,MRIZHFEH
55, free uPAIZHIRIFRENICTEE S 2uPASZ
B4k (WPAR) AL T, PAL1EFEAL TRH
REfEET 5, & 5 Zone-chain uPA (pro-
uPA) & £7:uPARZ N L TZAEKEREET S
23, uPAZ N7 26 1ZuPA-PA] & D affinity

(ERME) 131 2 D Icgguvs?,

\

- =~

X6 : LRP/a,MREN T 3 RBREAFOHIEAN~DE Y A%

EEDOVH > FIZMIEA DendosomelZ By DA £ 1, lysosome THRE#EI NS, —FH, uPAR®LRP/a.MRiZrecy-
clingd ¢, HEMEEEICER T %5, VN vitronectin, tPA : tissue plasminogen activator, PAI-1: plas-
minogen activator inhibitor, Pro-uPA : pro-urokinase, uPAR : urokinase receptor, uPA : urokinase, a,M-

P.: a,-macroglobulin-protease complex.
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—4, tPAlZ, tPA-PAI-1E&1A L L CLRP/
e MRIZFEE T 575, PALLEFEAL Tuizwn
free tPAIXERE, H25\wix, FFifEstEEcH %
E Mo F 2 (vitronectin) EFEEL TV
PAL L HEKE L L Tvitronectin % fREfE L T
tPA-PAIEEH L L TZFEBICHEES L, fildA
WHLD A 55259 (¥ 6),

Pn ¥ a,-plasmin inhibitor (a,-PI) & D%
G EREK T 55, Pn-a,PIEEHEOREH I
LRP/a, MR BG4 % & iZBH & 0 Tld 72
U,

human Hep-G2 cell i i3 Mg 1 @A H 72D
76,000 D tPARBIAIME D EAL Y B 559, LRP/
e, MRIZBIFHINEDY) H > N & DREEERAL
ZtPA-PAI-1 L uPA-PAI-IESIEHRAT 5 L 9
THEHM, t-PA L a,M, a,M & apoE & 135H
I LSS, IR 1 ECtPARERAIMED
BIHHY T 2 LRP/a,MRFET 5 L Bbi
%, 58, WERTFLHNOZENZERD ) 5> B
R OB EE I N T w5, Ffig, LRP
BEFEL CTEB S N5 2B ABEEN (receptor
associated protein <RAP> ; Mr.39KDa) #%apo
E»EE % 8-VLDL*® a,M ® LRP/ a, MR N\ D
EEEHIET 2 28, &512, RAPYRILFT
BEFH SR W k2 8L D, RAPFEDE
EVRFEHEI N TV S,

by

PAE, #EREF ORH 2 TRz
2, BT 5 L, MAERRT ORI IZFRE
LODLRP/a, ML B5T 2 03, K& 40
T2O0DNV— B b, 1 DFaeMRZNT 5
V— kN THREEER TR aeM EFEL, aM%
EHALT 2210k > T, LRP/a;MR EFER T
LZL—=HRTHD, bIVDEDDNV—MiZaeM%
A& % vb— b TLRP/a,MR EfEE L, FHfE
WICH D AE N TRFINDE LI T ETH
%o as MBI — N BHEFET L 720101,

e MIZDOWTDEZEPEETH S, a, MIZERE
RERTFOHERFE L THI N TWIZL, %
DEIWRBILbHD, ok 21, a,M-PntE
EHRIEEEREERL T LFn2 0T % 2
EWETERY, LrLEs, o MIZAERIZ
&, L%, $ERERT =2 DR ENLHE
WFroREL T, HEHELZRFIEL L5 H
L EEZ NS, M-proteasef&HEIZ T8
BB RE WEE 25T 5203, FFENHE
ERF Sprotease RrE T 5 A B = X L ILHA
EMIZENTRVENVE I TH D,

ERRIZ MW NICPARAE U4, tPAOIM
BN TOEEESRIZ 27 D EH Ik 5, FniEF
T DM T Tldfree tPA, tPA-PAI-IESTE,
BLY, e MAPAEEIRE L THEET 5 b
5 M, FnfEfE N Tldfree tPA, tPA-Plg-Fnf&
EHE, e, MtPAEEE (FnEE4% EOFnE S
EED R D/NSOEEZIRDAATYS D
D, Wiy D) LtPA-PAIIEER L L, k&R
DIETHEHET D EEEZO6ND, —H, TR DK
BV TE, BEBNTRG SN StPADIL
R Ot-PAWEEBPALL/ a, MO HLER I i FHEE
L7z Z &, MEFOtPAOFEERERE L TD
a, MAPABE SR DRI E W & 2R
T5HDTH 5,

a MOEBENZ DOWTHET 5 &, o,Mid LR
L7z Z ELBEERT &S £ Y bproteases®
cytokines’s ¥ DfEHEE (binding protein),
BBV, Ihs BEREDY), O (carrier
protein) & AR T XETH B, a,MIZHD A
F L7z protease DFFEYFHE A T 2> & protease
{3 B protecting protein ((REEH) £ 5
5 ZEHTE LD MFLRP/ ey MROAGEDHE
iz oNT, FERE (scavenger protein) & L
THHEHINED 12,

carrier protein U TDaMOBEE D 1 >
W, ¥ 7 u7 7 —=YIHBLRP/a,;MRZ 19 %
Z LWk BRSO B, PUEROID A
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ABEETLEHEZSNT WA, Fzscav-
enger protein & L Tldacute phase reactant &
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